Reversible vacuolation of the transverse tubules of frog skeletal muscle: a confocal fluorescence microscopy study.
A confocal microscope was used to investigate the reversible vacuolation of frog skeletal muscle fibres produced by the efflux and entry of glycerol (80-100 mM). The formation, development and disappearance of vacuoles was observed in the fibres by staining simultaneously with two fluorescent membrane probes, RH414 and DiOC6(3). The styryl dye, RH414, stains only the plasmalemma and the membranes of the transverse tubules. In normal and glycerol-loaded fibres, RH414 revealed regular, narrow dotted bands located at the position of the Z-lines. Glycerol removal produced, within 2-10 min, many empty round vacuoles (0.4-1.5 microns in diameter) that were apparently anchored to the stained bands. Later on, individual vacuoles tended to enlarge and align into longitudinal chains of vacuoles. Neighbouring vacuoles that contacted each other fused to form large vacuoles up to several sarcomeres in length. Neither the T-tubules, nor the vacuoles, were stained by DiOC6(3). However, glycerol efflux was also accompanied by a redistribution of sarcoplasmic reticulum membranes and by changes in mitochondria that were revealed on staining the same fibres with the carbocyanine dye, DiOC6(3). The alterations in staining patterns revealed by RH414 and DiOC6(3) were completely reversible. Within 5-10 min after a second application of glycerol, the pattern of staining returned to normal with the exception of very bright, spots stained with RH414, which appeared in place of many but not all of the vacuoles, and probably correspond to the irregular nets of T-tubules observed under the electron microscope in such fibres. They are considered to be defects in regeneration of the T-system after vacuolation. The vacuolation/devacuolation cycle could be repeated several times following glycerol efflux and entry. The development and disappearance of vacuoles then mainly involved conversion of bright spots to large vacuoles and vice versa. Some possible mechanisms of vacuole formation and disappearance are discussed, and it is suggested that vacuolation of the T-system may be important in relation to regulating the volume of skeletal muscle cells.